















'HSDUWPHQW RI %LRFKHPLVWU\ DQG 0ROHFXODU %LRORJ\ )DFXOW\ RI &KHPLVWU\ &RPSOXWHQVHϭϭ
8QLYHUVLW\RI0DGULG0DGULG6SDLQϭϮ










6RXUFHV RI IXQGLQJ7KLV VWXG\ ZDV VXSSRUWHG E\ JUDQWV IURP WKH 6SDQLVK +HDOWKϮϯ








































































$5 DQG ORFDO DOOHUJLF UKLQLWLV /$5 SDWLHQWV VHQVLWL]HG WR ROLYH WUHH SROOHQ 2/ϯϬ
FRQILUPHGE\QDVDODOOHUJHQSURYRFDWLRQWHVW1$37ϯϭ
0HWKRGV7ZHOYH VXEMHFWV ZLWK $5  ZLWK /$5 DQG  VXEMHFWV DV FRQWURO JURXSϯϮ
&*ZHUHVHOHFWHG6NLQ WHVWLQJDQG1$37ZLWKQ2OHHZHUHSHUIRUPHG(&3DQGϯϯ




LQ QDVDO ODYDJHV ZHUH VLJQLILFDQWO\ LQFUHDVHG DIWHU 1$37 LQ ERWK $5 DQG /$5ϯϴ

































































































 6XEVWDQWLDO FRQWULEXWLRQV WR FRQFHSWLRQ DQG GHVLJQ RI RU DFTXLVLWLRQ RI GDWD RUϳϬ

































































































































































$OOHUJLF UKLQLWLV $5 DIIHFWV  RI SRSXODWLRQ  DQG FRQVWLWXWHV D KHDOWK DQGϭϬϬ
HFRQRPLF EXUGHQZLWK LPSRUWDQW FRPRUELGLWLHV VXFK DV DVWKPD /RFDO DOOHUJLF UKLQLWLVϭϬϭ
/$5 LV D SKHQRW\SH RI $5 FKDUDFWHUL]HG E\ D SRVLWLYH UHVSRQVH WR QDVDO DOOHUJHQϭϬϮ
SURYRFDWLRQ WHVW 1$37 DQG ORFDO SURGXFWLRQ RI VSHFLILF ,J( V,J(  ,Q /$5ϭϬϯ
VXEMHFWV VSHFLILF QDVDO UHVSRQVHV WR DOOHUJHQV KDYH EHHQ GHPRQVWUDWHG ZLWK GXVWϭϬϰ
PLWHV SROOHQV DQGPROGV  ,QIODPPDWRU\PHGLDWRUV UHOHDVH DQG D FHOOXODU 7KϭϬϱ
SDWWHUQLQQDVDOODYDJHVDUHSUHVHQWDIWHUFKDOOHQJHZLWKDOOWKHVHDOOHUJHQVϭϬϲ
2OLYH WUHH 2OHD HXURSDHD SROOHQ LV D PDMRU FDXVH RI UHVSLUDWRU\ DOOHUJ\ LQϭϬϳ
0HGLWHUUDQHDQUHJLRQVDQGVRPHDUHDVRI1RUWK$PHULFD2OLYHWUHH LVFORVHO\ϭϬϴ
UHODWHGWRRWKHUSODQWVIURPWKH2OHDFHDHIDPLO\VXFKDVDVKWUHH)UD[LQXVH[FHOVLRUϭϬϵ
MDVPLQH -DVPLQXP OLODF 6\ULQJD SULYHW /LJXVWUXPDQG IRUV\WKLD )RUV\WKLD ϭϭϬ










D GLIIHUHQW UHVSRQVH LQ WKH QDVDO PXFRVD DFFRUGLQJ WR WKHLU SURSHUWLHV  ,I WKHϭϮϭ
UHVSRQVH LQ WKH WDUJHW RUJDQ LV WKH VDPH LQ $5 DQG /$5 VXEMHFWV VWLOO UHPDLQVϭϮϮ
XQNQRZQϭϮϯ
0RUHRYHUDUHFHQWVWXG\E\*yPH]HWDOGHPRQVWUDWHGDEDVRSKLOUHVSRQVHLQRIϭϮϰ


































































VXEMHFWV ZLWK /$5 WR ' SWHURQ\VVLQXV  DQG WKLV UHVSRQVH ZDV ,J( VSHFLILFϭϮϱ
GHPRQVWUDWHGE\ZRUWPDQQLQSUHWUHDWPHQW6LQFHWKHVHVWXGLHVZHUHSHUIRUPHGRQO\ϭϮϲ





/$5SDWLHQWVZLWK NQRZQ VHQVLWL]DWLRQ WR2/GHPRQVWUDWHGE\1$37 7KH$5JURXSϭϯϮ


















































































&* LQFOXVLRQ FULWHULD KHDOWK\ VXEMHFWVZLWK QHJDWLYH1$372/ QHJDWLYH637,' DQGϭϰϵ
VHUXPV,J(WRDHURDOOHUJHQVϭϱϬ
([FOXVLRQFULWHULDVXEMHFWVZLWKFKURQLF UKLQRVLQXVLWLVHYDOXDWHGE\&7VFDQPDVVLYHϭϱϭ
SRO\SRVLV VHSWDO SHUIRUDWLRQ WRWDO QDVDO EORFNDJH XSSHU UHVSLUDWRU\ LQIHFWLRQ RU DQ\ϭϱϮ
FRQGLWLRQ WKDW SUHYHQWV SHUIRUPLQJ QDVDO FKDOOHQJH SUHJQDQF\EUHDVWIHHGLQJϭϱϯ
DXWRLPPXQHRU DQ\ VHYHUHGLVHDVH SV\FKRVRPDWLFGLVRUGHUV RUXQDEOH WR IROORZ WKHϭϱϰ
LQVWUXFWLRQVϭϱϱ
7KHVWXG\ZDVFRQGXFWHGDFFRUGLQJWRWKHSULQFLSOHVRIWKH'HFODUDWLRQRI+HOVLQNLDQGϭϱϲ
DSSURYHGE\ WKH(WKLF&RPPLWWHHRI0iODJD$OO SDUWLFLSDQWV DQGSDUHQWV RI SDWLHQWVϭϱϳ
EHORZ\HDUVROGVLJQHGWKHFRUUHVSRQGLQJLQIRUPHGFRQVHQWϭϱϴ
7KHFRPSOHWHGHVFULSWLRQDERXWQ2OHHSXULILFDWLRQ LQYLYRHYDOXDWLRQVNLQWHVWLQJϭϱϵ
1$37ZLWK2/H[WUDFWDQGQ2OHH(&3WU\SWDVHPHDVXUHPHQW LQQDVDO ODYDJHV LQϭϲϬ
YLWURHYDOXDWLRQWRWDOVSHFLILF,J(PHDVXUHPHQWLQVHUXPEDVRSKLODFWLYDWLRQWHVWZLWKϭϲϭ
ZKROH2/H[WUDFWDQGQ2OHHVWXGLHV LQGHQGULWLFFHOOVZLWKJHQHUDWLRQRIPRQRF\WHϭϲϮ










































































































































&OLQLFDO DQG GHPRJUDSKLFDO GDWD DUH VXPPDUL]HG LQ 7DEOH  6XEMHFWV ZHUH PRVWO\ϭϲϵ
QRQVPRNHU \RXQJZRPHQ $5PHDQ DJH  \U /$5  \U&*  \UZLWKϭϳϬ
PRUH DFWLYH VPRNHUV LQ ERWK /$5 DQG &* S 7KH PHDQ WLPH RI UKLQLWLVϭϳϭ











 RI $5 DQG  RI /$5 SDWLHQWV UHDFWHG DW  JP/ ZKHUHDV  RI /$5ϭϴϯ
UHTXLUHGJP/RUKLJKHUQ2OHHFRQFHQWUDWLRQLQRUGHUWRREWDLQDSRVLWLYH1$37ϭϴϰ
UHVSRQVHFRPSDUHGWRRI$5VXEMHFWV)LJXUH%ϭϴϱ
7KHPHGLDQ 92/  FP GHFUHDVHG VLJQLILFDQWO\ IURP  DIWHU VDOLQH ODYDJH WRϭϴϲ
DWPLQ LQ$5VXEMHFWVDQG WR LQ/$5DIWHU1$37ZLWKQ2OHH )LJXUHϭϴϳ
$7KHPD[LPXPUHGXFWLRQZDVREVHUYHGDWPLQLQERWKJURXSV3DWLHQWVIURP$5ϭϴϴ
DQG /$5JURXSV DOVR VKRZHG VLJQLILFDQW LQFUHDVHV LQ WRWDO 9$6 VFRUHV FRPSDUHG WRϭϴϵ
FRQWUROV)LJXUH%ϭϵϬ
(&3 OHYHOV )LJXUH$ LQ QDVDO ODYDJHVZHUH VLJQLILFDQWO\ LQFUHDVHGDWEDVHOLQH ϭϵϭ
DQGPLQDIWHU1$37 LQ$5VXEMHFWVFRPSDUHGZLWK&*S&RPSDULVRQVIRUϭϵϮ



































































VXEMHFWV S)LJXUH$ 7U\SWDVH OHYHOV LQ QDVDO ODYDJHVZHUH LQFUHDVHG DW ϭϵϰ





DQG &* S 6SHFLILF ,J( WR 2/ ZDV DOVR VLJQLILFDQWO\ KLJKHU LQ $5 JURXS DVϮϬϬ
H[SHFWHGS7DEOH6HUXPVSHFLILF,J(DQWLERGLHVDJDLQVWQ2OHHU2OHHϮϬϭ
U2OHHQ2OHHU2OHHDQGU2OHHZHUHDOVRPHDVXUHGE\(/,6$LQDOOVXEMHFWVϮϬϮ
%RWK /$5 DQG &* VXEMHFWV KDG XQGHWHFWDEOH VHUXP OHYHOV RI V,J( WR DOO DOOHUJHQVϮϬϯ
WHVWHG$5VXEMHFWVVKRZHGSRVLWLYHYDOXHVWRDOOHUJHQVEHLQJQ2OHHDQGU2OHHϮϬϰ




ILQDO FRQFHQWUDWLRQV    DQG  JP/ )LJXUH  $ UHSUHVHQWV WKH 6, RI DOOϮϬϵ
VXEMHFWV DIWHU EDVRSKLO VWLPXODWLRQ ZLWK ERWK 2/ DQG Q2OH H  $OO $5 VXEMHFWV KDGϮϭϬ
SRVLWLYH UHVSRQVHV WR2/ VWLPXODWLRQ DQG$5 VXEMHFWV KDG DSRVLWLYHϮϭϭ
UHVSRQVH WR Q2OH H  )LJXUH % ,Q WKH /$5 JURXS  VXEMHFWV  KDG DϮϭϮ




&KDQJHV LQ '& PDWXUDWLRQ DIWHU VWLPXODWLRQ ZLWK Q2OH H  ZHUH DVVHVVHG 7KHϮϭϳ
SHUFHQWDJHRIFDVHVZLWKSRVLWLYH'&PDWXUDWLRQZDVIRU6$5IRU/$5Ϯϭϴ


































































DQG IRU&*7KHUHZHUHQR VLJQLILFDQW GLIIHUHQFHV LQ WKHSHUFHQWDJHRISRVLWLYHϮϭϵ
PDWXUDWLRQ DPRQJ WKH JURXSV IRU DQ\ RI WKHPDUNHUV HYDOXDWHG 7KH DQDO\VLV RI WKHϮϮϬ
SUROLIHUDWLYH UHVSRQVH RI 7 O\PSKRF\WHV DIWHU VWLPXODWLRQ ZLWK Q2OH H  ZDV DOVRϮϮϭ
DVVHVVHG E\ IORZ F\WRPHWU\ 7KH SHUFHQWDJH RI FDVHV ZLWK SRVLWLYH SUROLIHUDWLYHϮϮϮ
UHVSRQVHVZDVDJDLQKLJKHULQ6$5WKDQLQ/$5DQG&*&KLϮϮϯ
VTXDUH DQDO\VLV GHPRQVWUDWHG WKDW LQ 6$5 VKRZHG D VLJQLILFDQW LQFUHDVH LQ WKHϮϮϰ
SHUFHQWDJH RI SUROLIHUDWLRQ FRPSDUHG WR /$5 DQG &* S  DQG S ϮϮϱ
UHVSHFWLYHO\ $OWKRXJK UHVXOWV ZHUH KLJKHU LQ /$5 FRPSDUHG WR&* WKH GLIIHUHQFHVϮϮϲ
ZHUHQRWVLJQLILFDQW5HVXOWVDUHVXPPDUL]HGLQ)LJXUHϮϮϳ
ϮϮϴ




































































FRXQWULHV    6HYHUDO DOOHUJHQV KDYH EHHQ FKDUDFWHUL]HG ZKLFK VKRZϮϯϭ
VHTXHQFHVLPLODULW\WRSURWHLQVIURPGLIIHUHQWYHJHWDEOHWLVVXHV2OHHLVWKHϮϯϮ
PRVW DEXQGDQW SURWHLQ XS WR  RI WKH WRWDO SURWHLQ FRQWHQW ,W LV D SRO\PRUSKLFϮϯϯ
SURWHLQRIDPLQRDFLGVZLWKDJO\FRV\ODWHG RI WRWDODOOHUJHQDQGDQRQϮϯϰ
JO\FRV\ODWHGIRUPVDQGFRQVWLWXWHVDJRRGPRGHORISXULILHGDOOHUJHQϮϯϱ
6HYHUDO VWXGLHV KDYH WHVWHG LWV UHDFWLYLW\ LQ YLYR DQG LQ YLWUR PHDVXUHPHQW RI V,J(Ϯϯϲ
637XVLQJQDWXUDODQGUHFRPELQDQWIRUPVRI2OHH+RZHYHUWRWKHEHVWRIϮϯϳ
RXUNQRZOHGJH WKHUHDUHQRVWXGLHVDVVHVLQJ WKHUHVSRQVHDIWHUQDVDOFKDOOHQJHZLWKϮϯϴ
Q2OH H  LQ $5 SDWLHQWV VLQFH DOO FKDOOHQJHV ZHUH SHUIRUPHG ZLWK ZKROH 2/ IRUϮϯϵ










$OO $5 VXEMHFWV UHDFWHG WR Q2OH H  DIWHU 1$37 ,QWHUHVWLQJO\ PRVW /$5 VXEMHFWVϮϱϬ
KDGDSRVLWLYH UHVSRQVH WRQDVDO FKDOOHQJHZLWK WKHSXULILHGDOOHUJHQϮϱϭ
7KLV LV WKHILUVWWLPHZKHUH LQYLYRSRVLWLYHUHVSRQVHVWRDSXULILHGVWUXFWXUHRINQRZQϮϱϮ
DOOHUJHQLFLW\DUHGHPRQVWUDWHG LQ/$5VXEMHFWV$OVR LQERWK$5DQG/$5VXEMHFWVDϮϱϯ
VLJQLILFDQWGHFUHDVHLQDFRXVWLFUKLQRPHWU\PHDVXUHVZLWKDQ LQFUHDVHLQ9$6VFRUHVϮϱϰ





































































FRQWUROV 7KHVH GDWD FRXOG LQGLFDWH WKDW PDVW FHOOV PD\ QRW EH LQYROYHG LQ WKHVHϮϱϴ
UHVSRQVHV LQ/$5RUFRXOGEHDOVRGXH WR WHFKQLFDO OLPLWDWLRQVRI WKH WHFKQLTXHHJϮϱϵ
GLOXWLRQHIIHFWVLQFHLQFUHDVHVRIWU\SWDVHOHYHOVKDGEHHQSUHYLRXVO\GHWHFWHGLQRWKHUϮϲϬ








 KDG D SRVLWLYH %$7 ZLWK ERWK 2/ DQG Q2OH H  VWLPXODWLRQ LQGLFDWLQJ D JRRGϮϲϵ
VSHFLILFLW\IRUERWK2/DQGQ2OHH7KHVHUHVXOWVDUHLQDJUHHPHQWZLWKWKHϮϳϬ
RQHVREWDLQHGLQDSUHYLRXVVWXG\ZKHUHVXEMHFWVZLWK/$5WR'3VKRZHGDϮϳϭ
RISRVLWLYHUHVXOWV LQ WKH%$7ZLWKRIFRQWUROVKDYLQJDSRVLWLYHUHVSRQVH LQ%$7ϮϳϮ
VLPLODUWRWKHUHVXOWVIRXQGZLWK2/DQGQ2OHH7KLVVWXG\FRQILUPVWKHSUHVHQFHRIϮϳϯ
DOOHUJHQVSHFLILF,J(LQWKHVXUIDFHRIEDVRSKLOVVLQFHWKLVFHOOPD\EHWKHWDUJHWRIWKHϮϳϰ
VSHFLILF ,J( OHDNHG IURP WKH QRVH RU RWKHU RUJDQV  ,W KDV DOVR EHHQϮϳϱ
GHPRQVWUDWHG WKDW EDVRSKLOV FLUFXODWH WR LQIODPDWLRQ VLWHV LQ DOOHUJLF LQGLYLGXDOV Ϯϳϲ
DQG KDYH EHHQ IRXQG LQ QDVDO VHFUHWLRQV DIWHU DOOHUJHQ FKDOOHQJH  7KHϮϳϳ
GHPRVWUDWLRQRIWKHUHDFWLYLW\RIEDVRSKLOVZLWKQRSUHVHQFHRIVSHFLILF ,J(DQWLERGLHVϮϳϴ
FRXOG EH H[SODLQHG E\ WKH IDFW WKDW EDVRSKLOV DUH KLJKO\ UHVSRQVLYH WR ,J(PHGLDWHGϮϳϵ
DFWLYDWLRQ EHLQJ WZLFH PRUH VHQVLWLYH WKDQ PDVW FHOOV  +RZHYHU WKH H[DFWϮϴϬ





































































$OVR WKLV ZRUN UHSUHVHQWV WKH ILUVW VWXG\ WKDW HYDOXDWHV WKH FHOOXODU UHVSRQVHV WRϮϴϰ
DOOHUJHQVLQ/$5SDWLHQWV7KHVHUHVXOWVGHPRQVWUDWHGWKDWDOWKRXJKQ2OHHLQGXFHGϮϴϱ
'&PDWXUDWLRQ LQ D VLPLODUZD\ LQ DOO JURXSV DQDO\]HG ERWK$5 DQG/$5VKRZHG DϮϴϲ
KLJKHUVSHFLILF7FHOOSUROLIHUDWLRQFRPSDUHGWR&*DOWKRXJKZLWKDYHU\ORZVHQVLWLYLW\Ϯϴϳ
LQ WKH ODWWHU 7KH VLJQLILFDQW GLIIHUHQFHV REWDLQHG LQ$5 DUH LQ DJUHHPHQWZLWK WKRVHϮϴϴ
REWDLQHG SUHYLRXVO\ ZLWK RWKHU SXULILHG DOOHUJHQV DV 3UX S  %HW Y  DQG 3KO S Ϯϴϵ
ϮϵϬ
,QFRQFOXVLRQ WKLVVWXG\KDVGHVFULEHG WKH LQYLYRDQG LQYLWUR UHVSRQVHV WRDϮϵϭ
SXULILHGDOOHUJHQ Q2OHH LQ  GLIIHUHQW JURXSVRI VXEMHFWV GHPRQVWUDWLQJ LQ YLYR DϮϵϮ
QDVDOUHVSRQVHZLWKREVWUXFWLRQDQGPHGLDWRUVUHOHDVHLQERWK$5DQG/$5SDWLHQWVϮϵϯ














































































/XLVD *DOLQGR 0DULD -RVp 5RGUtJXH] -XDQ &DUORV /ySH]5RGUtJXH] 0DUtD -RVpϯϬϲ
7RUUHV 0' 0LJXHO %ODQFD 0' &ULVWREDOLQD 0D\RUJD GHFODUH WKDW WKH\ KDYH QRϯϬϳ
FRQIOLFWVRILQWHUHVWIRUWKLVPDQXVFULSWϯϬϴ
ϯϬϵ




















































































 5RQGyQ & 'RxD , /ySH] 6 &DPSR 3 5RPHUR -- 7RUUHV 0- HW DO 6HDVRQDOϯϮϲ
LGLRSDWKLF UKLQLWLV ZLWK ORFDO LQIODPPDWRU\ UHVSRQVH DQG VSHFLILF ,J( LQ DEVHQFH RIϯϮϳ
V\VWHPLFUHVSRQVH$OOHUJ\ϯϮϴ
 5RQGyQ & )HUQiQGH] - /ySH] 6 &DPSR 3 'RxD , 7RUUHV 0- HW DO  1DVDOϯϮϵ




)ORULGR -) /DKR] & 0RGHOOLQJ GLVHDVHV WKH DOOHUJHQV RI 2OHD HXURSDHD SROOHQ -ϯϯϰ
,QYHVWLJ$OOHUJRO&OLQ,PPXQRO6XSSOϯϯϱ












































































 %DUEHU ' GH OD 7RUUH ) )HR ) )ORULGR ) *XDUGLD 3 0RUHQR & HW DOϯϰϲ
8QGHUVWDQGLQJ SDWLHQW VHQVLWL]DWLRQ SURILOHV LQ FRPSOH[ SROOHQ DUHDV D PROHFXODUϯϰϳ
HSLGHPLRORJLFDOVWXG\$OOHUJ\ϯϰϴ
3DORPDUHV26ZRERGD,9LOODOED0%DOLF16SLW]DXHU65RGUtJXH]5HWDO7KHϯϰϵ

















































































 9LOODOED 0 %DWDQHUR ( 0RQVDOYH 5, *RQ]iOH] GH OD 3HxD 0$ /DKR] &ϯϲϱ
5RGUtJXH] 5 &ORQLQJ DQG H[SUHVVLRQ RI 2OH H , WKHPDMRU DOOHUJHQ IURP ROLYH WUHHϯϲϲ
SROOHQ 3RO\PRUSKLVP DQDO\VLV DQG WLVVXH VSHFLILFLW\ - %LRO &KHP ϯϲϳ
ϯϲϴ
0DUWtQ2UR]FR(&iUGDED%GHO3R]R9GH$QGUpV%9LOODOED0*DOODUGR6HWDOϯϲϵ
2OH H , HSLWRSH PDSSLQJ FURVVUHDFWLYLW\ ZLWK RWKHU 2OHDFHDH SROOHQV DQGϯϳϬ
XOWUDVWUXFWXUDOORFDOL]DWLRQ,QW$UFK$OOHUJ\,PPXQROϯϳϭ
5RQGyQ&&DPSR3*DOLQGR/%ODQFD/ySH]16DODV&DVVLQHOOR05RGULJXH]ϯϳϮ
%DGD -/ HW DO 3UHYDOHQFH DQG &OLQLFDO 5HOHYDQFH RI /RFDO $OOHUJLF 5KLQLWLV $OOHUJ\ϯϳϯ
ϯϳϰ
5RQGyQ&&DPSR3=DPERQLQR0$%ODQFD/RSH]17RUUHV0-0HOHQGH]/HWϯϳϱ
DO )ROORZXS VWXG\ LQ ORFDO DOOHUJLF UKLQLWLV VKRZV D FRQVLVWHQW HQWLW\ QRW HYROYLQJ WRϯϳϲ
V\VWHPLFDOOHUJLFUKLQLWLV-$OOHUJ\&OLQ,PPXQROϯϳϳ
6iQFKH]/ySH]-7RUGHVLOODV/3DVFDO00XxR]&DQR5*DUULGR05XHGD0HWϯϳϴ




















































































 /HGHVPD $ *RQ]iOH] ( 3DVFXDO &< 4XLUDOWH - 9LOODOED 0 5RGUtJXH] 5 $UHϯϵϳ
&DELQGLQJPRWLIVLQYROYHGLQWKHLPPXQRJORELQ(ELQGLQJRIDOOHUJHQV"2OLYHSROOHQϯϵϴ
DOOHUJHQVDVPRGHORIVWXG\&OLQ([S$OOHUJ\ϯϵϵ
*RQ]iOH] (0 9LOODOED0 /RPEDUGHUR0 $DOEHUV0 YDQ 5HH5 5RGUtJXH]5ϰϬϬ
,QIOXHQFH RI WKH 'FRQIRUPDWLRQ JO\FDQ FRPSRQHQW DQGPLFURKHWHURJHQHLW\ RQ WKHϰϬϭ
HSLWRSHVWUXFWXUHRI2OHHWKHPDMRUROLYHDOOHUJHQ8VHRIUHFRPELQDQWLVRIRUPVDQGϰϬϮ











7KH SHUHQQLDO SDWWHUQ RI FOLQLFDO V\PSWRPV LQ FKLOGUHQ PRQRVHQVLWL]HG WR 2OHDϰϭϮ









































































 %DWDQHUR ( &UHVSR -) 0RQVDOYH 5, HW DO ,J(ELQGLQJ DQG KLVWDPLQHUHOHDVHϰϮϬ
FDSDELOLWLHV RI WKHPDLQ FDUERK\GUDWH FRPSRQHQW LVRODWHG IURP WKHPDMRU DOOHUJHQ RIϰϮϭ
ROLYHWUHHSROOHQ2OHH-$OOHUJ\&OLQ,PPXQRO±ϰϮϮ
6iQFKH]/ySH]-7RUGHVLOODV/3DVFDO00XxR]&DQR5*DUULGR05XHGD0HWϰϮϯ
DO5ROHRI$UWY LQSROOLQRVLVRISDWLHQWVDOOHUJLF WR3UXS-$OOHUJ\&OLQ ,PPXQROϰϮϰ
ϰϮϱ




















































































 /XQGEHUJ . /LQGVWHGW 0 /DUVVRQ . 'H[OLQ / :LQJUHQ & 2KOLQ 0 HW DOϰϰϰ
$XJPHQWHG3KOSVSHFLILF7KUHVSRQVHDIWHUH[SRVXUHRIGHQGULWLFFHOOVWRDOOHUJHQϰϰϱ








































































































































  QD QD  













































































3HUFHQWDJH RI SRVLWLYH QDVDO DOOHUJHQ SURYRFDWLRQ WHVW 1$37 ZLWK ROLYH WUHH SROOHQϰϵϮ












ORFDO DOOHUJLF UKLQLWLV /$5 DQG FRQWURO VXEMHFWV &* 9DOXHV DUH UHSUHVHQWHG DWϱϬϱ
GLIIHUHQWWLPHSRLQWVDIWHU1$37ϱϬϲ

















































































3HUFHQWDJHRISRVLWLYH UHVSRQVHV LQ WHUPVRIPDWXUDWLRQDQGSUROLIHUDWLRQRIGHQGULWLFϱϮϮ
FHOOV DIWHU 2/ DQG Q 2OH H LQFXEDWLRQ LQ DOOHUJLF UKLQLWLV $5 ORFDO DOOHUJLF UKLQLWLVϱϮϯ
/$5DQGFRQWUROVXEMHFWV&*ϱϮϰ
ϱϮϱ








































































Figure 1B.  


































































































































Figure 3.A.  





























































































Figure 4B.  
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'HSDUWPHQW RI %LRFKHPLVWU\ DQG 0ROHFXODU %LRORJ\ )DFXOW\ RI &KHPLVWU\ &RPSOXWHQVHϭϭ
8QLYHUVLW\RI0DGULG0DGULG6SDLQϭϮ










6RXUFHV RI IXQGLQJ7KLV VWXG\ ZDV VXSSRUWHG E\ JUDQWV IURP WKH 6SDQLVK +HDOWKϮϯ








































































Q2OH H  DOOHUJHQ ZDV SXULILHG IURP HWK\OHWKHUGHIDWWHG ROLYH WUHH 2OHD HXURSDHDϯϬ









637V ZHUH SHUIRUPHG ZLWK D ZLGH SDQHO RI SUHYDOHQW DHURDOOHUJHQLF VRXUFHV LQ WKHϰϬ
DUHD ' SWHURQ\VVLQXV 'IDULQDH 3KOHXP SUDWHQVH /ROLXP SHUHQQH &XSUHVVXVϰϭ
DUL]RQLFD3ODWDQXVDFHULIROLD2OHDHXURSDHD&KHQRSRGLXPDOEXP$UWHPLVLDYXOJDULVϰϮ
3DULHWDULD MXGDLFD 6DOVROD NDOL $OWHUQDULD DOWHUQDWD $VSHUJLOOXV IXPLJDWXVϰϯ
&ODGRVSRULXPKHUEDUXP3HQLFLOOLXPGRJDQGFDWHSLWKHOLD$/.$EHOOy0DGULG6SDLQϰϰ












































































 JP/ $/.$EHOOy'HQPDUN ZHUH DSSOLHG XVLQJ DPHWHUHG SXPS )RU WKH QDVDOϱϱ
FKDOOHQJHZLWKWKHSXULILHGDOOHUJHQ/RIQ2OHHDWVHULDOGLOXWLRQVZHUHDSSOLHGϱϲ
SHUQRVWULOE\PHDQVRIDPLFURSLSHWWH5HVSRQVHVZHUHPRQLWRUHGE\V\PSWRPVVFRUHϱϳ
UKLQRUUKHD LWFKLQJ QDVDO REVWUXFWLRQ DQG VQHH]LQJ SODFLQJ D YHUWLFDO PDUN RQ Dϱϴ
KRUL]RQWDOYLVXDODQDORJVFDOH 9$6RIPP7KHYROXPHRI WKHQDVDOFDYLW\ WKDWϱϵ
FRUUHVSRQGV WR WKH ORZHU WXUELQDWH92/±FP LQHDFKQRVWULOZDVPHDVXUHGDIWHUϲϬ
FKDOOHQJH DW GLIIHUHQW WLPHSRLQWV EDVHOLQH   DQG  PLQXWHV E\ DFRXVWLFϲϭ
UKLQRPHWU\ 65(  5KLQRPHWHU 5KLQRPHWULFV /\QJH 'HQPDUN IROORZLQJ WKHϲϮ






1$37 DV GHVFULEHG ( 0HDVXUHPHQW RI WU\SWDVH DQG (&3 ZDV SHUIRUPHG E\ϲϵ
81,&$3PHWKRG7KHUPRILVKHU86$ϳϬ
7RWDODQGVSHFLILF,J(PHDVXUHPHQWLQVHUXPϳϭ
6HUXP WRWDO DQG V,J( ZHUH PHDVXUHG WR WKH VDPH DHURDOOHUJHQV RI WKH 637 SDQHOϳϮ
LQFOXGLQJ2/ E\ IOXRURHQ]\PH LPPXQRVRUEHQW DVVD\ 81,&$3 7KHUPRILVKHU 86$ϳϯ
$OVRVSHFLILF,J(DQWLERGLHVDJDLQVW2OHH2OHH2OHH2OHH2OHHDQG2OHϳϰ




0DGULG 6SDLQ IROORZHG E\ KRUVHUDGLVK SHUR[LGDVHODEHOHG JRDW DQWLPRXVH ,J*ϳϵ








































































EDWKDVGHVFULEHG ($IWHU WKLV /RI WKHZDVKLQJVROXWLRQZDV DGGHG WR WKHϴϲ
QHJDWLYH FRQWURO WXEH  / RI DQWLKXPDQ ,J( DQWLERGLHV %' 3KDUPLQJHQ 6DQϴϳ
'LHJR&$86$WRWKHSRVLWLYHFRQWUROWXEHVDQG/RIWKHDOOHUJHQ2/H[WUDFWϴϴ
$/.$EHOOR'HQPDUNDQGSXULILHGQ2OHHZHUHDGGHGDWILQDOFRQFHQWUDWLRQVRIϴϵ
 DQG  JP/ 7KHVH FRQFHQWUDWLRQV ZHUH FKRVHQ EDVHG RQ D GRVHUHVSRQVHϵϬ
FXUYHGDWDQRWVKRZQ7KHVDPSOHVZHUHLQFXEDWHGIRUPLQXWHVDW&LQDZDWHUϵϭ
EDWKLQDJLWDWLRQ7KHGHJUDQXODWLRQZDVVWRSSHGE\LQFXEDWLQJWKHVDPSOHVRQLFHIRUϵϮ




'LFNLQVRQ %LRVFLHQFH 6DQ -RVH &$ E\ DFTXLULQJ DW OHDVW  EDVRSKLOV SHUϵϳ
VDPSOH 5HVXOWV ZHUH FRQVLGHUHG DV SRVLWLYH ZKHQ WKH VWLPXODWLRQ LQGH[ 6,ϵϴ
FDOFXODWHGDVWKHUDWLREHWZHHQWKHSHUFHQWDJHRIDOOHUJHQGHJUDQXODWHGEDVRSKLOVDQGϵϵ
WKHQHJDWLYHFRQWUROZDV LQDW OHDVWRQHRI WKHDOOHUJHQFRQFHQWUDWLRQVPHQWLRQHGϭϬϬ
DERYH :KHQ WKH SHUFHQWDJH RI VSRQWDQHRXVO\ DFWLYDWHG EDVRSKLOV ZDV ORZHU WKDQϭϬϭ
 DQ DGGLWLRQDO FRQGLWLRQ ZDV UHTXLUHG LH WKDW WKH SHUFHQWDJH RI EDVRSKLOVϭϬϮ
DFWLYDWHGDIWHUFRQWDFWZLWKWKHDQWLJHQVKRXOGEHDVSUHYLRXVO\GHVFULEHG(ϭϬϯ



































































)URP HDFK VXEMHFW  P/ RI SHULSKHUDO EORRG ZDV REWDLQHG 3HULSKHUDO EORRGϭϬϱ
PRQRQXFOHDU FHOOV 3%0& ZHUH LVRODWHG E\ )LFROO3DTXH GHQVLW\ JUDGLHQW *(ϭϬϲ
+HDOWKFDUH8./WG%XFNLQJKDPVKLUH(QJODQG0RQRF\WHVZHUHSXULILHGIURP3%0&ϭϬϳ
E\ SRVLWLYH VHOHFWLRQ XVLQJ &' PLFUREHDGV 0LOWHQ\L %LRWHF %HUJLVFK *ODGEDFKϭϬϴ
*HUPDQ\IROORZLQJWKHPDQXIDFWXUHU¶VSURWRFRO$SXULW\RIZDVDVVHVVHGE\ϭϬϵ





&' IUDFWLRQ ZDV IUR]HQ LQ D FXOWXUH PHGLXP FRQWDLQLQJ  GLPHWK\OVXOSKR[LGHϭϭϱ
'062 6LJPD 6W /RXLV 0R IRU IXUWKHU H[SHULPHQWV RI O\PSKRF\WH WUDQVIRUPDWLRQϭϭϲ
WHVW/77(ϭϭϳ
'&PDWXUDWLRQϭϭϴ
LP'&ZHUH LQFXEDWHG LQ FRPSOHWHPHGLXPDW[ FHOOVP/ LQ ZHOO SODWHV 1XQFϭϭϵ
$65RVNLOGH'HQPDUNZLWK2OHHDWDQGȝJP/LQFOXGLQJ/36DWPJP/ϭϮϬ
6LJPD6W /RXLV02DQG71)Į 5	'6\VWHPV DW QJP/ DV SRVLWLYH FRQWUROVϭϮϭ
$IWHUKRIVWLPXODWLRQDW&LQ&2WUHDWHGRUXQWUHDWHGLP'&ZHUHKDUYHVWHGϭϮϮ
DQGWKHPDWXUDWLRQVWDWHZDVDVVHVVHGE\XSUHJXODWLRQRI&'&'DQG&'FRϭϮϯ
VWLPXODWRU\ PROHFXOHV DOO WKUHH IURP ,PPXQRWHFK 0DUVHLOOHV )UDQFH DQG +/$'5ϭϮϰ
%' 3KDUPLJHQ 6DQ 'LHJR &$ LQ D )$&6&DQWR ,, &\WRPHWHU %' %LRVFLHQFHVϭϮϱ
0LOSLWDV &$ 'DWDZHUH SURFHVVHG ZLWK )$&6'LYD %' %LRVFLHQFHV 5HVXOWV ZHUHϭϮϲ
H[SUHVVHGERWKDVDSHUFHQWDJHRISRVLWLYHFHOOVFRPSDUHWRQRQVWLPXODWHGFHOOVDQGϭϮϳ
DV PDWXUDWLRQ LQGH[ 0, FDOFXODWHG DV WKH UDWLR EHWZHHQ VWLPXODWHG '& DQG QRQϭϮϴ
VWLPXODWHGFHOOVFRQVLGHUHGSRVLWLYHZKHQJUHDWHUWKDQϭϮϵ



































































7KH /77 ZHUH SHUIRUPHG E\ XVLQJ LP'& DV $3& WKH &' IUDFWLRQ WKDW LQFOXGHGϭϯϭ
DXWRORJRXVO\PSKRF\WHVO\PSKVDQGQ2OHHDWGLIIHUHQWFRQFHQWUDWLRQVDQGϭϯϮ
 ȝJP/ $XWRORJRXV O\PSKV DW [P/ ZHUH ODEHOOHG ZLWK &)6( ϭϯϯ
&DUER[\IOXRUHVFHLQ GLDFHWDWH 1VXFFLQLPLG\O HVWHU 0ROHFXODU SUREHV IROORZLQJ WKHϭϯϰ
PDQXIDFWXUHU¶V LQVWUXFWLRQV 2QH KXQGUHG / RI &)6(ODEHOOHG O\PSKV DWϭϯϱ
îFHOOVP/ ZHUH FXOWXUHG ZLWK LP'& DW îFHOOVP/ UDWLR  DW D ILQDOϭϯϲ
YROXPHRI /RI FRPSOHWHPHGLXP LQ ZHOO SODWHV LQ WULSOLFDWHZLWK RUZLWKRXWϭϯϳ
DOOHUJHQIRUGD\VDW&DQG&27HWDQXVWR[RLG77DWJP/&DOELRFKHPϭϯϴ
6DQ 'LHJR &$ DQG SK\WRKDHPDJJOXWLQLQ 3+$ DW JP/ 6LJPD ZHUH XVHG DVϭϯϵ
SRVLWLYH SUROLIHUDWLYH FRQWUROV 7KH SUROLIHUDWLRQ RI GLIIHUHQW O\PSKV VXEVHWV HLWKHU 7ϭϰϬ
FHOOV1.FHOOV%FHOOVRU7UHJXODWRU\FHOOVZDVDVVHVVHGE\IORZF\WRPHWU\DQDO\]LQJϭϰϭ
WKHSHUFHQWDJHRI&'&'&'RU&'&'KLJK&' FHOOV WKDWH[SUHVVHGϭϰϮ
&)6(ORZ UHVSHFWLYHO\ 7KH UHVXOWV ZHUH FRQVLGHUHG SRVLWLYH ZKHQ WKH SUROLIHUDWLRQϭϰϯ
LQGH[ 3, FDOFXODWHG IRU HDFK VXEVHW DV WKH UDWLR EHWZHHQ >&)6(ORZ VWLPXODWHGϭϰϰ
/\PSKV  '&&)6(ORZ XQVWLPXODWHG/\PSKV  '&@  &)6(ORZ /\PSKV ZDVϭϰϱ
JUHDWHUWKDQϭϰϲ
6WDWLVWLFDO$QDO\VLV   ϭϰϳ
'DWD ZHUH H[SUHVVHG DV PHGLDQ DQG UDQJH &OLQLFDO DQG GHPRJUDSKLF GDWD ZHUHϭϰϴ
FRPSDUHG EHWZHHQ JURXSV E\ FKLVTXDUH DQDO\VLV DQG WKH 0DQQ±:KLWQH\ 8WHVWϭϰϵ
)ULHGPDQ¶VWHVWZDVXVHGWRH[DPLQHWKHRYHUDOOGLIIHUHQFHV,IVLJQLILFDQWGLIIHUHQFHVϭϱϬ
RFFXUUHGWKH:LOFR[RQ¶VVLJQHGUDQNVWHVWZDVXVHGWRLGHQWLI\WKHPZLWKLQJURXSV)RUϭϱϭ
FHOOXODU VWXGLHV FRPSDULVRQV RI TXDQWLWDWLYH YDULDEOHV ZHUH FDUULHG RXW E\ QRQϭϱϮ
SDUDPHWULF.UXVNDOO:DOOLV WHVW DQG0DQQ:KLWQH\8 WHVW$OO SYDOXHV RI ZHUHϭϱϯ
FRQVLGHUHGVWDWLVWLFDOO\VLJQLILFDQWϭϱϰ
ϭϱϱ






































































( 5RQGyQ & )HUQiQGH] - /ySH] 6 &DPSR 3 'RxD , 7RUUHV 0- HW DO  1DVDOϭϲϬ
LQIODPPDWRU\PHGLDWRUV DQG VSHFLILF ,J( SURGXFWLRQ DIWHU QDVDO FKDOOHQJH ZLWK JUDVVϭϲϭ
SROOHQLQORFDODOOHUJLFUKLQLWLV-RXUQDORI$OOHUJ\DQG&OLQLFDO,PPXQRORJ\ϭϲϮ
ϭϲϯ
( 5RQGyQ&'RxD , /ySH] 6&DPSR3 5RPHUR -- 7RUUHV0- HW DO 6HDVRQDOϭϲϰ
LGLRSDWKLF UKLQLWLV ZLWK ORFDO LQIODPPDWRU\ UHVSRQVH DQG VSHFLILF ,J( LQ DEVHQFH RIϭϲϱ
V\VWHPLFUHVSRQVH$OOHUJ\ϭϲϲ
( +LOEHUJ 2 3HGHUVHQ 2) $FRXVWLF UKLQRPHWU\ UHFRPPHQGDWLRQV IRU WHFKQLFDOϭϲϳ
VSHFLILFDWLRQV DQG VWDQGDUG RSHUDWLQJ SURFHGXUHV >SXEOLVKHG HUUDWXP LQ 5KLQRORJ\ϭϲϴ
@ 5KLQRO 6XSSO ± &OLQ ,PPXQRO  ± - %LROϭϲϵ
&KHPϭϳϬ









5ROHRIEDVRSKLODFWLYDWLRQWHVW LQ WKHGLDJQRVLVRI ORFDODOOHUJLF UKLQLWLV-$OOHUJ\&OLQϭϴϬ
,PPXQROHϭϴϭ
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